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I 
 
摘要 
心电图是心脏电活动的反映，可以通过传感器来测量人体表面电位得到。心
电图是一种使用最广泛的常规临床诊断工具，它能够准确地反映出病人的心脏健
康状况，降低诊断成本，对于心脏疾病的诊断具有非常重要的意义。 
心电逆问题研究的主要目标是还原心电图，它首先通过体表电位测量仪得到
体表电位，接着通过 CT影像获取的心脏和躯干的几何信息计算出传递矩阵，然
后运用数学方法求解心电逆问题方程，从而获得心外膜电位分布，最后据此诊断
心脏的病理状况。求解心电逆问题最大的难点是其不适定性和解的非唯一性。论
文采用基于心外膜电位的心电逆问题研究，能够很好地克服解的非唯一性这一难
点。为了克服不适定性，需要引入正则化技术来解决，常用的正则化方法有
Tikhonov、TSVD和 TTLS等。这些方法都是基于求伪逆的思想，但它们在计算
出心外膜电位的真实值的过程中依然存在较大的误差。因此，论文致力于研究出
新的算法，使得通过体表电位分布计算得到的心外膜电位更加接近其真实值。 
为了准确地求解心电逆问题，本论文分别提出了三种方法。论文首先建立目
标函数，运用基于岭回归 ADMM迭代算法的数学思想推导其解法，使用 L曲线
方法得到正则化参数，通过多组实验，可以发现此算法能够更加准确地求解心电
逆问题。为了使迭代过程更加平滑，得到更加精确的结果，论文又对目标函数进
行改进，减缓了迭代过程中的更新速度，实验结果表明，改进后的方法同样能够
准确的重建心外膜电位，比其它三种正则化方法（Tikhonov、TTLS和 TSVD）
的误差更小。最后，为了加快迭代过程中的收敛速度，更快速地求解心电逆问题，
我们对目标函数进行了改进，并且同样采用基于 ADMM的迭代算法求解。通过
实验对比，发现此方法也能够准确地求解心电逆问题。 
综上所述，论文提出的三种数学模型以及求解模型的方法能够更加准确地求
解心电逆问题。因此，基于 ADMM的迭代算法在求解心电逆问题方面具有非常
大的应用价值。 
 
关键词：心电逆问题；正则化方法；ADMM迭代算法 
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Abstract 
The electrocardiogram is a reflection of the electrical activity of the heart which 
can be obtained by measuring the body surface potential by the sensor. ECG is one of 
the most widely used clinical diagnostic tools, it can accurately reflect the patient's 
heart health, reduce the cost of diagnosis, which is of great significance for heart 
disease. 
The main goal of the study of ECG inverse problem is to restore the ECG, by first 
obtaining the body surface potential through the body surface potential measuring 
instrument, then obtaining the transfer matrix from the geometrical information of the 
heart and torso obtained by CT image, and then using the mathematical method to 
solve the ECG inverse problem Equation, so as to obtain the distribution of epicardial 
potential and finally diagnose the pathology of the heart. The most difficult part of 
solving the inverse problem of ECG is ill-posedness and non-uniqueness. In this 
thesis, we study the inverse problem of ECG based on epicardial potentials, which can 
overcome the difficulty of non-uniqueness. In order to overcome the ill-posedness, 
regularization techniques need to be introduced. The usual regularization methods are 
Tikhonov, TSVD, TTLS and so on. All of these regularization methods are based on 
the idea of pseudo-inverse, but they still have many errors in the calculation of the 
true value of epicardial potentials. Therefore, this thesis is devoted to the new 
algorithms, so that the epicardium potential obtained from the calculation of the body 
surface potential distribution can be closer to its true value. 
In order to solve the problem of ECG accurately, this thesis proposed three 
methods respectively. Firstly, this thesis establish objective function, then use the 
mathematical idea of the Ridge regression ADMM iterative algorithm to derive its 
solution, and then use the L-curve method to obtain the regularization parameters. We 
can find that this algorithm can solve the ECG problem more accurately through the 
multi-group experiment. In order to make the iterative process more smooth and get 
more accurate results, this thesis improve the objective function, and slow down the 
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update speed of the iteration process. The experimental results show that the 
improved method can accurately reconstruct the epicardial potential, which is less 
error than the other three regularization methods (Tikhonov, TTLS and TSVD). 
Finally, in order to accelerate the convergence speed of the iterative process and solve 
the problem of ECG more quickly, some improvements are made to the objective 
function in this thesis, and the calculation process are also based on ADMM iterative 
algorithm. Through experimental comparison, we can see that this method can solve 
the problem of ECG more accurately. 
In conclusion, the three mathematical models proposed in this thesis and the 
method of solving the model can solve the problem of ECG more accurately. 
Therefore, the iterative algorithm based on ADMM has great value in the application 
of solving the ECG inverse problem. 
 
Key words: ECG inverse problem; Regularization method; ADMM iterative 
algorithm 
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